Background: the measurement techniques vary between operators, and there is a lack in standards for measuring either renal length or volume. Individual observation shows that optimal sonographic technique varies with sonography system and transducer combination. Objectives: the purpose of this review was to combine the sonographic measurements and morphology of normal kidney among children obtained. Materials and Methods: An electronic search was conducted in CINAHL, EMBASE, and MEDLINE databases. The search resulted in 42 relevant studies, from which 8 studies were met the inclusion criteria. The information was extracted from these studies. Results: in the included studies, the length of right kidney ranged from 4 cm to 7.9 cm. Three studies from the all eight studies of this review revealed that the mean length of the right kidney was 7.6 cm, the rest five studies was with length ranged between 4.2 cm to 6.8 cm and the length of left kidney ranged between 4 cm to 8.4 cm. There are two studies found that length was equal both in right and left kidneys. Conclusion: Assessment of kidney size using sonography can be an early screening technique for these conditions especially among children.
INTRODUCTION
Kidney size is an essential parameter for evaluating pediatric renal and genitourinary tract pathologies (1) . Measurement of kidney size is important because many current disorders with enlargement or kidney reduction, which means that renal size and function determined the health status of the kidney (2) . It can be helpful and facilitate the follow up for the treatment of children with chronic pyelonephritis, obstructive uropathy, and chronic glomerulonephritis in early childhood. Sonography helps in accessing and following the patients of urolithiasis, cystic kidney diseases, malignancies, infections, vesicoureteric reflux and renal transplant in elders as well as in children (3) . Serial volume measurements can be used to track the normal growth pattern of kidneys and to follow the known pathology of kidney in children. The establishment of normal kidney values in routine imaging tests can serve as a baseline for the diagnosis of kidney disease associated with changes in size, such as acute or chronic pyelonephritis (4) . There are several methods for measuring renal sizes, including abdominal CT and MRI. However, these approaches have disadvantages such as radiation exposures and high costs. Also, due to the need for sedation in CT or MRI, and the radiation exposure associated with CT, we prefer US evaluation in pediatric patients (5) . In comparison, sonography is the preferred method for assessment of renal size in children, because of safety and simplicity in evaluation of renal length and volume
(5)
. It is non-invasive imaging modality and have widespread applications in pediatric urology (1) . Proper body developments and functions are directly related to organ growth rate. The growth rate of renal length will be evaluated in association with distinct measurements like weight, height and anthropometric parameters such as body mass index (5) . Measurement techniques vary between operators, and there is a lack in standards for measuring either renal length or volume. Individual observation shows that optimal sonographic technique varies with the used sonography system and transducer combination (6) . The purpose of this review was to combine the sonographic measurements and morphology of normal kidney among children obtained by different studies from different population.
METHODS
An electronic search was conducted in CINAHL, EMBASE, and MEDLINE databases using search strategy (Sonography OR Ultrasound OR US) AND (Kidney OR Renal) AND (Size OR Morphology) AND (Children OR Infants OR Newborns). The search resulted in 42 relevant studies, from which 8 studies were met the inclusion criteria. The information was extracted from these studies in the table 1. The protocol of this review was approved by ethical committee of King Saud University.
RESULTS
This review included 8 retrospective study studies. The overall sample size ranged from 0 years to 18 years. Sample size ranged from 34 to 794. The number of radiologists who examined the sonography reported in only three included studies. The first study was done by one radiologist in which the subjects were children, with mean age of 6 years, while the second study was done in Korean children with mean of age 4.6 years old and the sonography were diagnosed by two radiologists. The third study was also done by two radiologists; the gestational age of the study subjects was ranged between 35 and 42 weeks.
All studies used a real-time ultrasound, convex, linear, or sector transducer, with high frequency. Only one study used low frequency transducer (2.25 mHz with a diameter of 1.5 cm), the subjects of this study were 46 children,16 females and 30 males with mean age of 6.1 years. Over all weight ranged from 517 g (infants) to 73 kg, while overall height ranged from 6.6 cm (infants) to 191 cm. In the included studies, the length of right kidney was ranged from 4 cm to 7.9 cm. Three studies from the all eight studies of this review revealed that the mean length of the right kidney was 7.6 cm, the rest five studies was with length ranged between 4.2 cm to 6.8 cm and the length of left kidney ranged between 4 cm to 8.4 cm. There are two studies found that the length was equal in right and left kidneys. 
DISCUSSION
Sonography is the method of choice for assessment of renal size in children (13) . Sonography allows measurements and provides information without exposing the patient to ionizing radiation (10) . Measurement techniques vary between operators, and no standard for measuring either renal length or volume exists. Personal observation shows that optimal sonographic technique varies with the sonography system and transducer combination used. In a previous study at this institution better predictions of renal length have been obtained with a body measurement such as height, weight, or surface area. The children of the same age were with greatly varying overall size of the kidneys (9) . Almost all included studies were retrospective analyses of sonography of children performed for medical reasons. Two included studies done by Fitzsimons et al. (11) and Rosenbaum et al. (10) shows the same length for both right and left kidneys, the rest of studies shows that the left kidney is slightly larger than the right kidney. This slightly greater variation in the length of the left kidney may be due to increased noise in the sonograms of the left kidney; also spleen is smaller than the liver, so the left kidney has more space to grow and it does not provide as large an acoustic window as the liver. Three included studies in this review were with smaller sample size (6, 7, 9) . Although this sample size was small it was statistically sufficient to develop a morphometric nomogram.
Many authors mentioned above have discussed some aspect of the relation of renal length to factors of body size such as weight, height, body surface area, and age (10) . One potential drawback of articulated-arm scanning is that length may be underestimated by failure to image the kidney in its greatest dimension. This is less likely to happen with maneuverable realtime transducer. Sometimes the entire kidney of an older child extends outside the sector of a realtime scanner, leading to an estimation of renal size by extrapolation. This can be avoided by the use of a water bath between the transducer and skin to create a wider arc of view, or by using an articulated-arm scanner (10, 14) . Many renal conditions lead to hypertrophy of kidney such as diabetes (15) . However, medical conditions such as simple renal cyst can lead to shrinkage in the kidney size (16, 17) .
CONCLUSION
Assessment of kidney size using sonography can be an early screening technique for these conditions especially among children.
